I. INTRODUCTION
Oil refining is one of the most complex chemical industries, which involves many different and complicated processes with various possible connections. Linear programming (LP) models have historically been used for scheduling and planning problems because of their ease of modeling and since they are relatively easy to solve. Refinery planning problems have been studied since the introduction of linear programming in 1950s [1] . Symonds [2] and Manne [3] applied linear programming techniques for long-term supply and production plans for crude oil processing and product pooling problems. The production planning optimization for refinery has been addressed by using linear and non linear programming in the past decades [4] [5] [6] [7] [8] . The main aim of production planning is to decide what to produce, how much to produce and when to produce for a given plan horizon in a company [9] . The objective of production planning in a refinery is to generate as many valuable products as possible, such as gasoline, jet fuel, diesel, and so on, and at the same time satisfying market demand and other constraints.
To formulate the refinery LP model, one can decompose the overall refinery problem in three subsystems [10] : (a) the crude-oil unloading and blending, (b) the production unit operations, and (c) the product blending and lifting (see Fig.  1 ). As it can be seen, one of the most important tasks in refinery planning is blending of crude oils and refinery products. Refinery feed is produced by blending different crude oil types with an specified blending ratio. On the other hand, The refinery products are manufactured by blending two or more different intermediate and final cuts. Some researches focus on product blending especially gasoline in which their objective function is the sale revenues [11] [12] . Although the revenue is so important in blending calculations of refinery products, the most important subject is the properties of refinery feed and products. Each refinery has been designed to handel an specific crude oil with a limited range of properties( API, Sulfur fraction, viscosity, ...). If the refinery feed properties vary it affects different processing units and also it affects the refinery products specifications. Therfore different crude oils with different properties should be blended properly to prepare the refinery feedstock. In this research a suitable model has beed developed which characterises the crude oils, calculates the blended crude propertise and the optimum blending ratio of crude oils to produce a suitable feedstock. 
A. Crude oil characterization
Crude oil characterization is one of the most important tasks in refinery units modelling. This becomes more important when the cut has species with more than 10 carbon atoms. In this case, because of more hydrocarbons which have similar properties, it is difficult to characterize them. To solve this problem some researchers have tried to improve the analyses and databanks [13] [14] . The first and most important property which should be calculated is the full range boiling point curve of petroleum cut. Usually the boiling point of crude oils and petroleum cuts are stated based on percent distilled. Some of these boiling points are known experimentally and the full range should be calculated using interpolation and extrapolation methods. Two common algorithms of interpolation and extrapolation are Lagrange and probability distribution functions. The following polynomial should be used when utilizing Lagrange method:
In which l j (x) is the basic Lagrange polynomial:
In some cases especially for calculation of initial and final boiling points, the probability distribution function could be used:
In which x is the variable, α and β are the shape and scale factors respectively, and ) (α Γ is the gamma distribution function:
Using probability distribution method, only two parameters α and β should be known and the precision of calculation is evaluated using RMSE and R 2 as follow:
To develop a suitable algorithm for oil characterization, the measurable properties like density, boiling point curve and sulfur content have been used to calculate other properties. One of the most important parameters in crude oil characterization is the Watson k-factor which is defined as follows:
In this equation, S is the specific gravity and MeABP is the Mean Average Boiling Point and is calculated as:
In the mentioned equations, MABP and CABP are molar and cubic average boiling points respectively. xi and Tbi are cut i mass fraction and boiling point respectively.
Using equation (7) the Watson factor can be calculated. Watson factor can be used to calculate another properties such as molecular weight, Flash point, Aniline point,…which the corresponding equations are summarized in table 1. 
B. Calculation of blended cut properties
After crude oil characterization, the suitable blending equations should be used to calculate the blended crude properties. Using physical properties of individual crudes and suitable mixing rule, the blended property can be calculated. Some blended crude properties such as specific gravity, Sulphur content, asphaltene content, wax content, metal content, nitrogen content and acidity can be calculated linearly:
In which Pb is the blend property, xi is component i mass or volume fraction and Pi is property of component i.
On the other hands, some properties such as viscosity, Pour point, smoke point, freezing point and flash point are mixed nonlinearly and we should use linearization index to calculate them:
In which Ind is the index of properties and some of them have been summarized in table 2. 
C. Calculation of optimum blending ratio
The optimum blending ratio has been calculated by minimization of the following objective function: In which Pimodel and Pimix are the property i calculated by model and experimental data respectively. The optimization should be done subject to that the sum of blending ratios be equal to unity. The SQP method has been used for optimization.
III. RESULTS AND DISCUSSION
To validate the model, important properties of light and heavy crude oils have been calculate and compared with experimental data. Table 3 shows some calculated properties of Iranian OMIDIE crude oil and compares them with that of experimental data.
Some crude oils were blended experimentally and their properties were measured and compared with the model results. Figure 2 represents the experimental and calculated boiling point curves of a crude oil which is a blend of 83 vol% Asmari and 17 vol% Darkhoein crudes. Some other experimental and calculated properties of this blended crude have been summarized in table 4 . To validate the model in the blending ratio calculation, some crude have been blended experimentally and the blended crude properties have been fed into the model. The optimum blending ratio has been calculated using optimization algorithm as discussed in the previous section. Table 5 compares the calculated blending ratio of three crude oils with the experimental one. As seen, the model can acceptably represent the experimental data.
As a case study, the model has been used to substitute a portion of the present feed of an Iranian refinery with a blend of heavy crude oil and condensate. The present feed of this refinery is OMIDIE crude. Table 6 shows the blending ratios of substitute feed which have been calculated using the developed model. The boiling point curves and product distribution of present and substitute feeds are represented in figures 3 and 4 respectively. Also the main properties of two feeds are shown in table 7.
The developed model has been used to prepare the feed for some refineries using different light and heavy crudes and condensate. The results revealed that different types of crudes with different API in the range of 15 to 50 could be fed to refineries with suitable blending. 
IV. CONCLUSION
Each refinery is designed to process crude oils with specified property range but its feed may be provided from different oil fields with different properties. Therefore crude oils should be blended properly to produce refinery feedstock. This task may be done experimentally which consumes more time and cost. A suitable model has been developed to calculate the optimum blending ratio of crude oils to produce an specified feed for refinery. This model utilises LP and NLP equations to characterise crude oils, calculate the blended crude properties and optimum blending ratio.
Sufficient experimental data of light and heavy crudes have been used to validate the model. The results revealed that different types of crudes with different API in the range of 15 to 50 could be fed to refineries with suitable blending.
